C ommunicable diseases do not respect national boundaries. Outbreaks thus have the potential to involve more than one country. 1, 2 Based on these facts diseases like SARS, nv-CJD, and HIV/AIDS, as well as, re-emerging diseases like tuberculosis or diphtheria are important challenges to health internationally. It is obvious that the efficiency and effectiveness of national surveillance systems for communicable diseases and their control is the basic requirement to ensure safety at national and European level. The decreasing role of borders within the European Union (EU) will necessitate a more coordinated approach to the surveillance of communicable diseases. Free movement of goods and people creates a need for national surveillance institutes to communicate events to each other regularly, sometimes rapidly, and to use similar surveillance components and case definitions. 3 Therefore, a number of European surveillance networks have been developed between the countries of the EU over recent years. 4 Some of these networks had a strong influence on the harmonisation of the related disease specific surveillance systems in Europe. For example, for influenza networks are being evaluated according to a standard protocol. 5, 6 EuroHIV and EuroTB are other examples where EU standards have modified national surveillance systems. For example, EuroTB has adopted reporting standards, which have also had major impacts on the harmonisation of the TB data collection in Europe. In addition, the work of the European Centre for Disease Prevention and Control (ECDC), which started operating in 2005, is based on national and common European surveillance systems. However, the way surveillance of a number of diseases is undertaken in European countries varies greatly. 7, 8 In the context of the EU Project (HU02/IB/SO/02-TL), 9 which aims to support Hungarian public health (PH) experts during the integration process of Hungary as new EU member state, the current study examines whether benchmarking of national surveillance systems for communicable disease control in Europe is applicable. Benchmarking is a systematic process, with which products, services and methods are judged and compared with those of competitors. 10 Points of reference are created by such a procedure, in order to set performance-goals and to align activities of organisations to best practices. 11 Benchmarking was developed in the field of industrial production 12 and recently started to play an important role in research projects 12 also, within the EU. 13 The current benchmarking study compares national surveillance systems in six EU member states in order to identify strengths and weaknesses of these surveillance systems. The objective is to give recommendations to policy makers to improve the quality of national surveillance systems for communicable disease control.
Methods
A benchmarking cycle generally includes planning, analysis, and implementation. 15 Although benchmarking has significant methodical demands, 16 a comprehensive procedure with seven key elements for this cycle was selected for this project (see table 1 ).
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Step 1: Selection of the process or function to be benchmarked
The basis for the first selection of benchmark processes were components of PH surveillance systems described by the Guidelines for Evaluating Public Health Surveillance Systems 18 as well as by the Communicable Disease Control Handbook. 1 Ten criteria for surveillance systems were identified in a consensus decision making process and transformed into benchmarks (see table 2 ). Results of the five most relevant criteria are presented here.
Step 2: Understanding the existing process or function Numerous round-table discussions in the introduction period of the project were used to develop a uniform 'language' between the partners and establish common descriptions for the identified objects and criteria (see table 2).
Step 3: Identification of benchmark partners
The surveillance systems of England and Wales, Finland, France, Germany, Hungary, and The Netherlands were selected as benchmarking partners. The selection was made on the basis of best practices in different areas of communicable disease surveillance and control and because of existing contacts to experts at national public health institutes of these countries.
Step 4: Collection of data and information Success or failure of the benchmarking essentially depends on the acceptance of the procedure and the database. It is very important to collect comparable data. 19 Thus, a questionnaire regarding the necessity of benchmarking of national surveillance systems, possible indicators, evaluations of surveillance systems, strengths and weaknesses of components of surveillance systems, and available data sources for benchmarking was designed and used.
Step 5: Identification of gaps and reasons for them
The selected measurements quantify differences in execution and the purposeful questions identify the reasons of the differences. In order to analyse the data, the key features for each component were brought into a format, which allows a descriptive assessment of the contents and use of data.
Step 6: Development of programmes to implement findings
The proceedings, which take place during the conversion and/ or the implementation of findings and recommendations, are not to be easily generalized because they depend for a large extent on the culture within the organisation. We looked for 'best practices' in the six countries under investigation, in order to give policymakers a short description of good performances Step 7 Implement changes and monitor results Step 7: Implementation of changes and monitoring of results
Suggestions for regular evaluations by relevant European institutions
The recommendations include suggestions for comparative evaluations of the surveillance systems of all EU member states.
Results
The benchmarking identified remarkable differences between the components under consideration and described good/best practices in the six national surveillance systems. The number of 'notifiable diseases' in the six countries ranges from 26 (France) to 82 (Hungary). In each country, the extent of notifiable diseases depends, among other factors, on the historical background and the various disease burdens in the individual country. Notification of a certain disease is important to one country and might be less important to another. 20 In England and Wales, financial incentives for notifiers are given to physicians for the notification per case. In five countries comparable 'case definitions' for all notifiable diseases are in use. In Finland, all cases are laboratoryconfirmed except a part of tuberculosis cases. In Hungary, the implementation of EU case definitions is in preparation. France, Germany, and The Netherlands have a three-tiered classification within their case definitions similar to the recommended EU case definitions 21 (see table 3 ). 'Timeliness of reporting' in Germany shows that reports reach the regional level within up to the third working day of the first week after the detection of the case. The national level is reached 1 week later. In Finland, laboratory notifications are sent directly to the national level with an average of 5 working days from sampling date. Physician notifications are sent through the regional level to the national level in 2 weeks. In England and Wales, the statutory notifications reach the national level within 7 days, laboratory reports reach the local level within 1-2 days, and the regional level within 7 days. In France the estimated time to inform national level varies between 1 and 5 days. Hungary has a timely reporting following disease onset (2-3 days to national level). In most countries timeliness was assessed using audits, and the question of reporting to local, regional, and national levels depends on the systems of governance.
In all the six countries, paper 'notification forms' and/or phone calls are used by the notifier to report cases to the local PH system, while electronic case reporting systems are used from the local PH level upwards. In Hungary for example, the electronic software, EFRIR, is used to report cases from local to regional and national level. As soon as the data is entered in the PH intranet, it is accessible at the local, regional and national level.
In Hungary, 'information generated from the data set' is not automatically available, but can be analysed from the available data on request. In contrast, the five other countries regularly process their data to generate information. Automatic 'early warning applications' are presently not in use in Hungary. In Germany, automatic early warning is implemented in some states. An example is the bar chart called 'Barometer', which represents trends for notifiable diseases in North RhineWestphalia. In Finland, France, and The Netherlands, different early warning applications are in place and functioning (see table 4 ). Experience shows their value for PH practice. Nevertheless, formal evaluations are rarely published.
'Outbreaks' are investigated in all the selected countries. In Hungary the investigation is mainly concentrated on a descriptive analysis of the outbreak. Analytical studies are not a common practice. In the other five countries analytical outbreak investigations (e.g. case-control studies) are conducted for significant outbreaks (see table 5 ).
Regarding 'data dissemination', all selected national bulletins are accessible via the Internet. The frequency is either weekly or monthly. In Hungary, the National Centre of Epidemiology provides the printed weekly, Epinfo. This bulletin provides standard data tables, articles on communicable disease problems, relevant international incidents and outbreaks. In Germany, the weekly Epidemiologisches Bulletin is published at national level. The bulletin includes data, text, discussions, graphics, and description of effected population groups, regional distribution, and time series analysis. The data can also be accessed and used via an internet application. Other good examples are the data and information Benchmarking surveillance systems dissemination tools in Finland and The Netherlands. In Finland, a weekly updated internet version is available for the public which includes comments and epidemiological observations. The data format allows compilations of tables and trend analysis by the user. Actual figures and summary comments are also routinely reported in the monthly bulletin, the Kansanterveys-lehti. In The Netherlands, the Infectieziekten Bulletin is published at national level every 4 weeks. Up-to-date feedback on the situation is updated daily and accessible via the internet. Generally, countries 'evaluate' their surveillance systems using different objectives, attributes and purposes. In 2002, the Hungarian national surveillance system was evaluated on behalf of the EU Commission. In Germany, the Robert Koch Institute evaluated the surveillance system after the new Infectious Disease Control Law was introduced in 2001. 23 In The Netherlands, the electronic reporting system OSIRIS was evaluated for timeliness and completeness of infectious disease notification in 2003. 24 Another example is the current evaluation of the surveillance system in France. It is a comprehensive study including field exchange of expert opinions with other EU member states (e.g. Germany and The Netherlands).
Discussion
The results of the present study show that benchmarking of national surveillance systems is applicable as a new tool for the comparison of communicable disease control in Europe. The selected benchmarking partner countries for this study proved to be useful because of best practices in different areas of their surveillance systems for communicable diseases and the availability of data in these countries.
The study demonstrates that different case definitions and classifications still exist amongst EU member states. This hinders international comparisons of epidemiological data (e.g. burden of disease and disease trends). The introduction of comparable case definitions, according to the EU case definitions, 21 the most fundamental criterion is in communicable disease control at the national and international levels and is therefore recommended for all EU member states. This will improve comparability of notification data with other member states and thus enhance the integration of national systems in European networks of communicable disease surveillance systems.
Completeness or sensitivity is an important issue regarding the quality of a surveillance system. Nevertheless, this is also very difficult to be compared. One widely accepted method to estimate the completeness is the so-called capture-recapture method. Even though it is used in various settings, currently only for a few diseases in a selected number of countries data are available. Based on the fact that the sensitivity of reporting for a given disease varies between different surveillance systems (even within one country) and that the sensitivity of reporting for various diseases within the same surveillance system varies greatly 22 it is currently not realistic to compare national surveillance systems for this component. Being very well aware of these issues we decided not to use completeness or sensitivity as a benchmark.
Timeliness of reporting was one of the most difficult criteria to be investigated because of differences between and within national surveillance systems. In this study, average values were identified, which can only serve as rough indicators to demonstrate the heterogeneous timeliness of reporting. Nevertheless, the timeliness depends on the format of reporting. To be effective, reporting must be timely and accurate. Previous studies have demonstrated the benefits of electronic case reporting systems. 24, 25 For example, in The Netherlands, it was observed that timeliness and completeness was improved after the introduction of the internet based reporting system OSIRIS. 25 In Hungary, timely and accurate data transfer from local to regional and national level is well established and based on an application of the central database EFRIR using an intranet. An introduction of early warning applications, including the use of algorithms, and time series analysis is suggested. As timely surveillance data are the basis for early PH action, early warning applications should be used for timely visualisation of data. Good/best practices for timely data use and early warning applications are in use in several countries. For example, the Infectious Disease Surveillance Information System (ISIS) in The Netherlands is responsible for timely distribution of descriptive epidemiological reports and early warning signals to professionals in PH. It provides the infrastructure for the collection of incidence data for data analysis, interpretation and systematic reporting. ISIS allows the assessment of the present situation within a few seconds and is updated on a daily basis. 26 The control of an outbreak depends on early detection, followed by a rapid structured investigation. 1 The growth in international trade and travel has increased the likelihood that outbreaks will involve more than one country. 2 For these reasons, effective outbreak investigation in each member state is an important need for national and European-wide communicable diseases safety. As it is the core tool to control, manage, and prevent outbreaks, spreading the knowledge, practice, and experience of analytical epidemiological outbreak investigations is crucial to uncover the source of infections and the route of transmission effectively. As the performance of analytical studies in outbreak investigation is rare in some countries, the setting up of training and regular performance of analytical epidemiology in outbreak investigations is needed. Training and practice of leading PH experts in analytical epidemiology for outbreak investigations is a necessary component for disease control, especially for new or unknown health problems. In cooperation with European networks (e.g. EPIET) and partners in other member states, establishment of training is recommended.
Although benchmarking has been shown to be suitable to answer the research question, some limitations have to be considered. The current study tried to address all relevant factors for the benchmarking process although the available resources were limited. Because of these limitations, the data analysis could only be short and descriptive. The study started with the identification of applicable and internationally accepted criteria of surveillance systems that can be suitable for benchmarking. During the data collection and analysis process, all selected benchmarking criteria were operationalised into a set of specific benchmarks. This modification process helped to get information that is comparable. During this process, the investigators had to rely on available information, publications, expert opinions, and professional experience. Since some data was heterogeneous and only of qualitative nature, not all benchmarks could be standardised and validated. In general, a benchmarking study should not aim to detect the mean. Benchmarking should search for best practices in order to adopt them at a larger scale. For the first study of this kind, this could only be achieved to a limited extent. Based on this several recommendations were given to Hungarian stakeholders via a benchmarking report in order to improve the national surveillance system in Hungary. Nevertheless, the current study provides several operationalised benchmarks that should be the basis for benchmarking processes of surveillance systems in the future. A gold standard for surveillance systems in various European countries is very difficult to achieve, because of their heterogeneity in many domains including disease burden, personal and financial resources. Often a WestEast difference is discussed and questions, like 'Are Western surveillance standards appropriate for all EU countries?', are raised. Despite these heterogeneities in surveillance systems, all countries need to share ideas on how to increase the quality of national and common European surveillance systems. In the coming years the European Centre for Disease Prevention and Control (ECDC) will play a more important and central role in this process. Their work in supporting EU member states in Benchmarking surveillance systems improving national and consequently the European surveillance can build on lots of experiences from all over Europe. As this study shows, benchmarking national surveillance systems could be a useful tool for this process.
